Differentiation between well-differentiated hepatocellular carcinoma (HCC) and nonmalignant lesions with increased cellular proliferation may be difficult in needle biopsies. Based on recurrent chromosome aberrations known for HCC, we developed a nonfluorescent in situ hybridization technique that allows combination with morphological analysis in bright-field microscopy. Fourteen biopsies of HCC and 31 samples of regenerative nodules (n ‫؍‬ 10), chronic hepatitis (n ‫؍‬ 10), fibrosis or cirrhosis of unknown origin (n ‫؍‬ 5), focal nodular hyperplasia (n ‫؍‬ 2), primary biliary cirrhosis (n ‫؍‬ 2), steatosis (n ‫؍‬ 1), and adenomatous hyperplasia (n ‫؍‬ 1) were analyzed with probes specific for the centromeric regions of chromosomes 1, 6, 7, and 8. After microwave pretreatment and in situ hybridization, signals were detected using a tyraminebased system and AEC as substrate. Evaluation of signals was done by conventional bright-field microscopy. Using this approach, aberrant counts were seen for at least one chromosome in 12/14 cases of HCC. In contrast, none of the nonmalignant lesions revealed aberrant counts for any of the chromosomes analyzed. In conclusion, this new combination of in situ hybridization and tyramine amplification allows fast and reliable evaluation of chromosome aberrations in a histomorphological context similar to paraffin immunohistochemistry. Registration of imbalances contributes to a reliable differentiation between malignant and nonmalignant lesions of the liver. The fast and reliable differentiation between malignant and nonmalignant tumorlike lesions of the liver is of the utmost importance for the further treatment and surgical procedure of the patients. However, even for the experienced pathologist, in some cases, determining the correct diagnosis may be extremely difficult and uncertain, particularly if only small biopsies are available as the main source for histological examination. In particular, differentiation between well-differentiated hepatocellular carcinoma (HCC) and benign alterations may be impossible based on morphologic criteria alone (1). Detection of chromosomal aberrations within questionable tumors could contribute toward solving this problem. Because of the time and effort required for conventional cytogenetics, this technique is usually not appropriate. The recently developed comparative genomic hybridization (CGH) has revealed promising results (2, 4, 11, 13, 14) , but it is also of limited value because of the duration and amount of tissue required. By contrast, fluorescence in situ hybridization (FISH) yields results that are evaluable by simple counting of fluorescence signals in conventional biopsies (12). A major limitation of this approach is, however, that most pathologists are not familiar with the morphology of the tumor in histological sections counterstained with fluorescent dyes. Furthermore, many histomorphological details remain undetected in the dark field required for evaluation. In addition, epifluorescence microscopy is based on expensive technical equipment.
The fast and reliable differentiation between malignant and nonmalignant tumorlike lesions of the liver is of the utmost importance for the further treatment and surgical procedure of the patients. However, even for the experienced pathologist, in some cases, determining the correct diagnosis may be extremely difficult and uncertain, particularly if only small biopsies are available as the main source for histological examination. In particular, differentiation between well-differentiated hepatocellular carcinoma (HCC) and benign alterations may be impossible based on morphologic criteria alone (1) .
Detection of chromosomal aberrations within questionable tumors could contribute toward solving this problem. Because of the time and effort required for conventional cytogenetics, this technique is usually not appropriate. The recently developed comparative genomic hybridization (CGH) has revealed promising results (2, 4, 11, 13, 14) , but it is also of limited value because of the duration and amount of tissue required. By contrast, fluorescence in situ hybridization (FISH) yields results that are evaluable by simple counting of fluorescence signals in conventional biopsies (12) . A major limitation of this approach is, however, that most pathologists are not familiar with the morphology of the tumor in histological sections counterstained with fluorescent dyes. Furthermore, many histomorphological details remain undetected in the dark field required for evaluation. In addition, epifluorescence microscopy is based on expensive technical equipment.
In this setting, we describe a new way to circumvent these limitations. A new combination of in situ hybridization (ISH) and tyramine signal amplification was established for the detection of chromosomal imbalances in liver tumors. It enables the determination of chromosomal imbalances by conventional bright-field microscopy. We applied this technique to 45 biopsy specimens of malignant and nonmalignant tumor-like lesions in a blind study.
MATERIAL AND METHODS
Forty-five specimens of patients at Hannover Medical School, Hannover, Germany were examined in this study. Age, gender, and histological diagnosis are given in Table 1 . Histological diagnoses were obtained using hematoxylin and eosinstained sections as well as sections stained with periodic acid-Schiff, Elastica van Gieson, silver, and Prussian blue. In 14 cases, well-differentiated HCC was seen, whereas in the remaining 31 patients, nonneoplastic alterations were detected, in particular, regenerative nodules (n ϭ 10), chronic hepatitis (n ϭ 10), fibrosis or cirrhosis of unknown origin (n ϭ 5), steatosis (n ϭ 1), focal nodular hyperplasia (n ϭ 2), primary biliary cirrhosis (n ϭ 2), and adenomatous hyperplasia (n ϭ 1). As controls, 30 specimens of normal livers were used.
In Situ Hybridization
ISH for centromeric regions of chromosomes 1, 6, 7, and 8 (D1Z1, D6Z1, D7Z1, D8Z2) was performed for all samples using probes purchased from Oncor (Heidelberg, Germany). Thickness of sections was set at 5 m based on our own experience (12) and the reports of other authors (8) . This value was a compromise with regard to an adequately preserved morphology and the effect of nuclei cutting leading to a diminishing of the number of signals. Tissues were mounted on Superfrost Plus slides (Omnilab, Hannover, Germany).
Tissue sections were baked overnight at 56°C and then deparaffinized by immersion in xylene for 20 minutes and in graded ethanol. Slides were then bathed in citric acid solution (6 M) and heated in a microwave oven at 900 and 600 W for 15 minutes each. RNase A (0.1%) was added to the sections for 10 minutes and then rinsed in PBD (Oncor, Heidelberg, Germany). Incubation with 3% H 2 O 2 for 10 minutes at room temperature followed and was stopped by washing in PBD. Afterwards, slides were washed in graded ethanol and air dried for 5 minutes. A half microliter of the probe was added to 10 L of Hybrisol VI (Oncor, Heidelberg, Germany) and pipetted onto the slide, covered with a coverslip, sealed with rubber cement, heated up to 92°C for 12 minutes, and incubated overnight at 37°C in a humidified chamber. Detection commenced with rinsing in 0.25ϫ standard saline citrate at 60°C for 5 minutes, followed by a short wash in PBD. Then, 30 L horseradish peroxidase (HRP), diluted 1:30, were added for 20 minutes at 37°C under a coverslip. Washing in PBD followed. 30 L of biotinconjugated tyramine (DuPont NEN, Boston, MA) were added, and the mixture was incubated for 20 minutes at 37°C. After rinsing in PBD, incubation with anti-biotin horseradish peroxidase, diluted 1:30 in water, followed for 20 minutes under a coverslip at room temperature. Rinsing was performed again in PBD, followed by incubation for 10 minutes at room temperature with AECϩ/substrate Chromogen (DAKO, Hamburg, Germany). Specimens were rinsed in deionized water. Counterstaining was carried out with hemalaun for a few seconds followed by rinsing in water. Glycerin gelatin was added, and a coverslip was laid on the tissue.
Signals were evaluated using a standard microscope (Axiophot, Zeiss, Oberkochen, Germany). Only clearly detectable signals not connected to a second signal were counted. For each case, Ն100 nuclei were evaluated. 
RESULTS

Control Group
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Nonneoplastic Specimens
In the 31 nonneoplastic biopsy specimens analyzed, the mean value for two signals per nucleus was 87% ( Table 2 , Fig. 1 ), 12% revealed one signal, and 1% of nuclei showed three or more signals. The standard deviations were 5.3%, 5.4%, and 1.0%, respectively. In none of these specimens was the diagnostic threshold for monosomy or trisomy reached.
Well-Differentiated HCC
Evaluation of HCC revealed very different results. In these samples (Table 3 , Fig. 2 ), one signal was seen in 4.2 to 66.9% of cells (mean: 18.2%, standard deviation: 14.1%). Two signals were seen in 32.8 to 92.3% (mean: 69.6%, standard deviation: 16.4%), and three signals occurred in 0 to 62.8% (mean: 12.2%, standard deviation: 16.6%). Chromosome 1 was found to be aberrant in 11 samples; chromosome 6, in 6 samples; chromosome 7, in 5 samples; and chromosome 8, in 7 samples. Four chromosomes were found aberrant in 2 samples, 3 chromosomes were aberrant in 4 samples, 2 chromosomes were aberrant in 4 samples, and only 1 chromosome was found aberrant in 2 samples. Two samples revealed no aberrant counts at all (Table  3) .
Statistical Evaluation
The number of aberrations found in nonmalignant lesions and HCC samples was statistically different, with high significance (P Ͻ .01, MannWhitney U test). Specificity of ISH in detecting HCC was 100%, and sensitivity was 80%. Positive predictive value was 100%, and the negative predictive value reached 91%.
DISCUSSION
The new technique described in this study employs results obtained by CGH (4, 13, 14) . Even in well-differentiated HCC, numerous recurrent aberrations have been found (2) . In contrast, benign tumors such as hepatocellular adenomas did not reveal these chromosome alterations (11) . Based on these data, we used a combination of in situ hybridization and immunohistochemistry to detect these aberrations in a simple way. The results obtained by this approach allowed the correct detec- 1, 6, 7, and 8 tion of well-differentiated HCC in 80% of cases. The correct negative predictive value reached 91%. Most important, in none of the samples analyzed was a false-positive result found. These findings in well-differentiated HCC are very similar to those found in an earlier study of our group using the FISH technique (12) . In that study, aberrant counts were detected in 13/14 cases. The hepatocellular adenomas analyzed in parallel revealed no aberrations in any samples for probes specific for centromeres of 1, 6, 7, and 8. This agrees with the results on the nonmalignant lesions of this study. Although these alterations of liver architecture are assumed to be associated with an increased rate of cell proliferation, a normal distribution of signals was found in all samples examined. In particular, percentages of nuclei bearing more than two signals in the nonmalignant lesions differ significantly from HCC.
However, normal counts were also detected in 2/14 HCC samples analyzed and in 1/13 HCC examined in the FISH study (12) . This was also seen in the CGH studies mentioned above, supporting the assumption that chromosomal aberrations probably occur as later steps in the development of HCC at least in some of the tumors. The assumption is also emphasized by the observation that these aberrations are also found in a variety of other neoplasms as well-known changes (5). Some investigators have discussed them as a consequence of genetic instability caused by mutations at an earlier level (3). The basic events leading to these findings are still not defined and require further, more sophisticated evaluation.
As reported repeatedly, FISH is more sensitive than ISH (7) . Earlier attempts to improve ISH using immunohistochemistry approaches instead of radioactivity were hampered by either low sensitivity or background staining, making it difficult to evaluate signals. These problems have now been circumvented by changes in the experimental set-up reported here and in variant forms by other investigators, too (7, 9) . Differences in these experimental approaches are found mainly in the pretreatment steps and in the method of detection of the hybridized nucleic acids. Vos et al. (9) used proteolytic enzyme digestion as pretreatment, with the disadvantage of testing an optimized digestion time. Tanner et al. (7) preferred a combination of enzymatic digestion and microwave heating and found that this testing was no longer necessary. This was also seen in our study using microwave heating alone. Signal detection was performed by Vos et al. (9) , with tyramine amplification similar to our protocol. Tanner et al. (7) used repeated incubations with labeled antibodies to enhance signal intensity.
The signals found with the combination of techniques used in this study are easy to count and differ clearly from the spots seen as background staining in the cells examined. The evaluation of signals is even more simple than in FISH because hybridized biopsies can be examined using simple, standard microscopes. Moreover, counting of signals by ISH is made easier by counterstaining cells with hemalaun, a stain well known in immunohistochemistry. In many samples, the strong signals and the standard counterstaining give an excellent overview, allowing a first impression of the results and a very fast detailed evaluation of specimens. However, it has to be kept in mind that evaluation of signals is hampered in general by cutting artifacts based on truncation of nuclei. This effect leads to a decrease in signal number, with two signals in approximately 80 -85% of the nuclei instead of 95% normally found in preparations of intact nuclei (6, 8, 15) . In particular, detection of monosomy may be difficult, with thresholds at nearly 30%. Therefore, to exclude monosomy based on low hybridization efficiency leading to false-positive results, we recommend the additional evaluation of an internal standard, such as nonneoplastic cells situated near or in the tumor.
In conclusion, this ISH technique yields reliable results and can contribute to the differentiation between well-differentiated HCC and nonmalignant lesions. Results are obtained within 24 hours with minimum effort and require only standard microscope techniques.
